The present work is devoted to electrical and optical study of a point-plane atmospheric pressure corona discharge reactor in humid air powered by pulsed high voltage supply. The corona current and the injected energy are analyzed as a function of several parameters such as applied voltage and humidity rate. Then, investigations based on emission spectroscopy analysis were used in UV range (from 200 nm to about 400 nm). The main observed excited species were the second positive (SPS), the first negative (FNS) systems and OH(A-X) rotational bands. The latter band was used to simulate the rotational temperature ( r T ), whereas the 2 N + (FNS) band was used to determine the vibrational temperature ( v T ). The electron temperature ( e T ) is determined from the ratio of line intensities of the spectral bands of both 2 N + FNS at 391.4 nm and N 2 SPS at 394.4 nm. The rotational, vibrational and electronic temperatures are analyzed as a function of above parameters (applied voltage, frequency and hygrometry rate) near the anodic tip. As well we study the axial variation of electronic temperature for a fixed applied voltage at 6.4 kV, frequency at 10 kHz and 100% of humidity. It is found that the rotational, vibrational and electronic temperatures increased with increasing applied voltage, frequency and humidity rate. The increase of rate hygrometry for an inter-electrode distance fixed at 10 mm causes an increase in both the amplitude of the corona current discharge and the energy injected in corona discharge. This is indicative of more intense reactive plasma while increasing hygrometry rate.
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Introduction
Non-thermal plasmas at atmospheric pressure are very efficient sources of active species (radicals, excited species, charged particles, UV radiations, etc.). Many applications can be fulfilled from such non-thermal plasmas, for example in the environmental domain (gas pollution control [1] [2] [3] ) or in the fields of biology and medicine [4] - [9] or in many other applications (surface treatment [10] [11] [12] , plasma actuators [13] , etc.). In fact, the optimization of the active species in these non-thermal plasmas produced by corona discharges under pulsed voltage in humid air needs to be adapted and optimized in a very specific way for each targeted application. In the case of corona discharges, there are two stages during streamer discharge evolution, the primary streamer [14] [15] and the secondary one [16] . The primary streamer is an instantaneous propagation of a strong ionization region (during about 50 ns or shorter), and the secondary streamer appears after the primary streamer arrival at the cathode [17] . The positive corona characteristics can be affected by many factors, such as the applied voltage, electrode configuration, and background gas composition [18] [19] [20] [21]. During the last two decades it has been reported that humidity has some impact on the behavior of atmospheric corona discharges [22] [23]. Our work includes two parts, in the first part we study, the influence of some operating parameters (applied voltage and humidity) on the corona current and the energy injected in corona. The second part is dedicated to spectroscopic studies of some molecular spectra emitted in the UV range and corresponding to N 2 (SPS), 2 N + (FNS) and OH(A-X) have been identified, located in the near-UV region. Under some very specific conditions, the measured intensity ratio of 2 N + (FNS) over N 2 (SPS) lines is known to depend on electron energy in the discharge [24] . The rotational and vibrational temperatures of the main particles (i.e., excited N 2 , 2 N + ions and OH radicals) are derived from comparisons of experimental and synthetic spectra by using literature spectral simulation softwares (Lifbase [25] and Specair [26] Figure 1 shows a schematic diagram of experimental setup already described in previous work [27] . The discharge is generated by using a pulsed high-voltage supply by a TTL Optical fiber is used for collecting light emission from the discharge chamber.
Experimental Setup
The delivered light is split by a monochromator in which is dispersed by a dif- 
Results and Discussions

Electrical Analysis of Pulsed Corona Discharges in Humid
Air at Atmospheric Pressure Figure 3 shows the corona current discharge for several applied voltages in air with 100% of water vapor at atmospheric pressure for a gap distance of 10 mm, a frequency of 1 kHz and a pulse width of 1 µs. In the case of 9 kV, the streamer starts near the point corresponding to the higher electric field region favoring the electron multiplication. Its propagation towards the cathode plane develops a conductive channel which overlay the whole gap. This propagation of the cathode directed streamer is associated to the first current increase observed in the first 30 ns in Figure 2 . This propagation phase include a steep increase of the corona current up to the first pick (from 25 to 27 ns) corresponds to the arrival streamer at the cathode. Secondary avalanche develops from the anode and this explains the second pick observed in Figure 3 . During the extinction phase, a current relaxation is observed up to the next current pulse.
Influence of Applied Voltage
The variation of the discharge current shows that the increase in the applied voltage for an inter-electrode distance fixed at 10 mm causes an increase of the corona current amplitude. Figure 4 shows the variation of the injected energy in corona discharge as a function of applied voltages in air with 100% of water vapor at atmospheric pressure. The energy injected in corona discharge increase with the increase of applied voltage for a fixed humidity rate at 100% and gap electrode of 10 mm.
These observations are due to the spatial variation of applied geometric field as a function of applied voltage. In fact, the high geometric electric field conducts to a strong amplification of the electronic avalanche by the energetic electrons. A similar variation was observed in the case of corona discharge in dry air at atmospheric pressure [28] . Figure 5 and Figure 6 give the variation of respectively the corona current discharge and the injected energy for two hygrometry rates at atmospheric pressure for a gap distance of 10 mm, a frequency of 1 kHz and a pulse width of 1 µs. The
Influence of Hygrometry Rate
variation of the discharge current shows that the increase in the hygrometry rate causes an increase in the amplitude of corona current discharge leading to the increase of the injected energy. This is explained by growing the quantities of water vapor. In fact, the gas becomes electronegative and contributes to increase the ionization efficiency of electrons.
Optical Study of Pulsed Corona Discharges in Humid Air at Atmospheric Pressure
The emission spectra were further analyzed to find out electron temperature
Electron temperature determines the degree of ionization of plasma and the primary chemical reactions; the rotational excitation is used as a global thermometer since it is generally representative of the gas temperature, whereas the vibrational excitation due to its adiabatic character can trap energy and plays the role of energy tank, which is important for chemical reactions in plasmas since it contributes to generate important secondary chemical reactions [24] .
The spectroscopic study of corona discharge, in the wavelength domain from 200 nm up to about 400 nm, presented in this work, concerns mainly the variation In our conditions, the variation of operating parameters (voltage, frequency and hygrometry) leads to qualitatively equivalent emission spectra of OH(A-X) with a change on only the spectra intensity. Figure 7 displays the measured emission of OH(A-X) rotational bands for the same exposure time (t expo = 120 s), diffraction grating (2400 grooves/mm) and diameter of the optical fiber (1 mm).
The rotational temperature was obtained by fitting the experimental spectrum with the simulated one on the entire band of OH(A-X), or more simply from the relative intensities of two groups of rotational lines corresponding to the R and Q branches of the OH(A-X) (0, 0) rotational branch at about 307 nm and 309 nm, respectively (see Figure 7) . Indeed, this technique provides a sensitive thermometer since the relative intensity of the two peaks varies more or less with the rotational temperature. The effect of operating parameters on the rotational temperature is summarized in Table 1 .
There is practically no rotational temperature variation as a function of the operating parameters (applied voltage, frequency and hygrometry rate), of about 300 K. It is suggested that this rotational temperature of OH is in equilibrium with the gas temperature. The assumption that the gas temperature is equal to the rotational temperature is only valid when the rotational population distribution T T and in our case we assumed that r T is already given by OH(A-X) spectra. Then, v T can be estimated from the comparison of the measured intensity ratio with the calculated ones using LIF Base software. The best fit is obtained for a couple of r T and v T that are displayed in Table 2 versus the operating parameters (applied voltage, frequency and hygrometry rate). Table 2 shows that the vibrational temperature decreases with the increase of applied voltage and hygrometry rate and also increase with frequency. This v T variation is probably due to the variation of vibration-vibration collision frequency 
Electronic Temperature
The energy of electrons in a streamer discharge is an essential parameter that directly influences the quantity and type of dissociated species, radicals and ions.
More particularly the species formed during primary collisions between energetic free electrons and molecules of background gas. This is why electron energy is among the most fundamental parameters in gas plasma discharges and is among the most fundamental parameters in gas plasma discharges and plays a very important role in understanding the discharge physics and optimization of the operation of plasma.
In the case of discharge, if the relative intensity of second positive system ( ) 
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+ of these measured head band intensities spectra and the electron temperature e T . In fact, there are in the literature similar methods to obtain electron temperature from optical emission spectra (OES) [36] [37] . In the present work, the method developed by Zerrouki 
where the different coefficients are already defined and given in reference [37] .
Shortly, Cst is a constant T from multi-term solution of Boltzmann equation [38] for the electron energy distribution function (EEDF). This enables us to avoid the classical overestimations of electron rate coefficients due to the classical use of Maxwell distribution. Then, the set of electron-N 2 collisions cross sections are taken from [39] . Using data of the intensity ratio R 394/391 , electron mean energy is obtained from the crossing of the two curves corresponding respectively to left and right hand terms of Equation (1) (see Figure 10) .
The electron temperature using the present method based on emission intensity ratio R 394/391 is summarized in Table 3 for different operating parameters (applied voltage, frequency and hygrometry rate) and in Table 4 for different positions along the discharge axis from the anode tip (z = 0 mm) to the cathode plane (z = 10 mm). First of all, the variation of the electron temperature versus the operating parameters remains because the ratio For instance, in the case of Table 3 , electron temperature increase with the increase of applied voltage for a rate hygrometry fixed at 100% and the frequency Journal of Analytical Sciences, Methods and Instrumentation Figure 10 . Left hand term and right hand term of Equation (1) and the crossing point between the two curves giving an electron temperature T e = 2.955 eV for x = 0 mm, V a = 6.4 kV, f = 10 kHz and RH = 100%. of 10 kHz. The reasons of the small increasing electron temperature observed in Table 3 are due to the fact that with increasing voltage, the ionization efficiency of electrons increase, the free electrons are collecting more energy from the increased electric field. Same effect observed for rate hygrometry and frequency; the increase in the hygrometry rate and frequency causes a small increase in the electron temperature. This effect can be explained by the fact of increasing the quantities of water vapor that contributes to increase the ionization efficiency of electrons.
In the case of Table 4 , e T does not also vary significantly and remains close to about 2.95 eV whatever the inter-electrode position because we are in presence of corona discharge developing streamer branching structure and not a mono-filament like in DC or quasi DC case where a truly decreasing variation of electron temperature can be observed [37] .
Conclusions
The electrical and optical studies of a point-to-plane atmospheric pressure corona discharge reactor in humid air powered by pulsed high voltage supply have been performed.
In electrical studies, the corona current discharge and the energy injected are analyzed as a function of several parameters (applied voltage and hygrometry rate). As results, the increase of rate hygrometry for an inter-electrode distance fixed at 10 mm causes an increase in both the amplitude of the corona current discharge and the energy injected in corona discharge. This is indicative of more intense reactive plasma while increasing hygrometry rate.
The optical study, in the wavelength domain from 200 nm up to about 400 nm, has been employed to determine electron temperature ( e T ), vibrational temperature ( v T ) and rotational temperature ( r T ). These temperatures are analyzed as a function of applied voltage, frequency and hygrometry rate, near the anodic tip (z = 0). It is found that the rotational temperature does not change with the variation of the operating parameters (applied voltage, frequency and hygrometry rate); it remains close to about 300 K. In addition, the vibrational temperature decreases with the increase of applied voltage and hygrometry rate and also increases with frequency. The electronic temperature increases with the increase of applied voltage, hygrometry rate and frequency.
Then the axial variation of electronic temperature for a fixed applied voltage at 6.4 kV, frequency at 10 kHz and 100% of humidity is studied to visualize the development of the discharge in the inter-electrode space. This result shows no significant change and remains close to about 2.95 eV whatever the inter-electrode position because we are in presence of corona discharge developing streamer branching structure and not a mono-filament like in DC or quasi DC case where a truly decreasing variation of electron temperature can be observed.
